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attention on the difference of magnetic susceptibility, which is one of the physical properties, by the type of 
phosphors. Table 1 shows the types and physical properties of the phosphors used in this study. Hereafter, the name 
of substance was referred in abbreviation. The phosphor wastes contain a large amount of HP other than rare earth, 
which makes it difficult to reuse the rare earth phosphor. 
Type of fluorescent lamp Typical composition magnetic susceptibility (-) density䋨g/cm3䋩 Abbr. Emission color
Three-wavelength type Y2O3䋺Eu 6.97×10-5 5.1 YOX Red 
LaPO4䋺Ce䋬Tb 1.33×10-3 5.2 LAP Green 
㩷 BaMgAl10O17䋺Eu 1.37×10-4 3.8 BAM Blue 
General color type 3Ca3(PO4)2䊶Ca䋨F䋬Cl䋩2䋺Sb䋬Mn 7.77×10-5 3 HP White 
The magnetic susceptibility of LAP and BAM is relatively large, and they can be recovered by capturing to the 
filter using High Gradient Magnetic Separation (HGMS) by adjusting susceptibility of the medium. On the other 
hand, it is difficult to separate YOX and HP by HGMS because the difference of susceptibility of YOX and HP is 
small. Thus, we used the magneto-Archimedes method utilizing the difference of density in addition to that of the 
susceptibility. In this paper, we report separation process of YOX and HP using magneto-Archimedes method. 
In our previous study [1], we indicated the separation possibility of the simulated sample of the phosphor wastes 
using by magneto-Archimedes method. In this study, we considered the separability of the actual sample of the 
phosphor wastes with the goal of application to the actual recovery process. Based on the result, we designed the 
concept of magnetic separation apparatus which enables continuous and mass processing. 
2. Theory of magneto-Archimedes method  
Magneto-Archimedes method is the separation technique utilizing the difference of levitation position of each 
targeted particles in the medium [1-5]. The levitation position is determined by the difference of the magnetic 
susceptibility and density between the medium and targeted particles. 
 The distribution of the magnetic field is axisymmetric since the High Temperature Superconducting (HTS) bulk 
magnet was used as the magnetic field source in this study. The vertical component of the force (FMz) acting on the 
particles in medium is shown below: 
(1) 
Defining the upward direction positive, it is possible to levitate the particles when FMz is positive. Here, · is the 
magnetic susceptibility and ² is the density. In this regard, subscript p and f indicate particles and medium, 
respectively. ȝ0 is the magnetic permeability of vacuum. B is the magnitude of magnetic flux density. In this regard, 
subscript r and z indicate radial and vertical component, respectively. V is the volume of particles and g is the 
acceleration of gravity.  
 The radial component of magnetic force also acts both on the medium and particles. The radial component of the 
force (FMr) acting on the particles is shown below: 
(2) 
The particles move by the resultant force of formula 1 and 2. 
3. Particle trajectory simulation for design of continuous processing apparatus 
In this study, we considered the continuous separation technique of HP and YOX, because the particles passing 
the filter after HGMS are mainly consists of YOX and HP. Then, we demonstrated the particle trajectory simulation 
for design of continuous processing apparatus. 
Table 1.  The phosphor and luminescent color of a typical fluorescence lamp  
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